The fuel-motion measurement capability of the fast-neutron hodoscope has been upgraded by the addition of a 360-detector proton-recoil proportional-counter array, which detects highenergy fission neutrons. The current sensitive amplifier/discriminator rnodule for each detector fits into a 12. 
Introduction
As part of the U.S. fast-reactor safety program, experiments are conducted on encapsulated fuel pins placed at the center of the Argonne-West Transient Reactor Test Facility (TREAT) . In these experiments the fissions induced in the fuel pins bytheTREAT reactor simulate the thermal environment found in normal and abnormal reactor operating conditions. The major interest in these tests is the determination of the timing, magnitude, and velocity of the relocating fuel.
Because the fuel pins are encased in a steel capsule that is 10-to 20-mnm thick, it is necessary to use the high-energy fission neutrons produced within the fuel pins (E > 200 keV) to image the fuel distribution. At TREAT a two-dimensional timedependent fuel image is obtained by the fast-neutron hodoscopel.
The layout of the imaging and detection components of the hodoscope relative to that of the TREAT reactor is shown in Fig. 1. An open slot in the north face of the reactor provides the hodoscope with a direct line-of-sight to the test capsule. The image of the fuel is produced by the collimator portion, which consists of a steel block with 360 rectEngular slots. Not shown in Fig. 1 design was successfully operated in air at voltages up to 5800 V. The possibility of arcing is further reduced in normal operation by enclosing the 360 detectors in a box that is filled with SF6 at atmospheric pressure. The use of SF also has the advantage that it reduces spurious noise pulses due to corona discharge.
A design requirement not discussed in Ref. 4 . is that all proportional counters should have the same gain versus highvoltage response (within 10%). This requirement ensures that the count rate of the detectors can be varied by changing the high voltage without having to recalibrate the entire array. A second advantage is that this also ensures that each detector will have the same constant of proportionality in the spacecharge correction (See Eq. 3 of Ref. 4 ).
This design requirement was met by incorporating a quality assurance procedure in the manufacture of the detector. The procedure required testing of all detectors to verify that they had the same count rate (within 10%) at three different operating voltages when exposed to a neutron source. This procedure also served as a final check against detector defects.
The space-charge model of Ref. 4 has also been extended to obtain the mathematical relationship between the change in count rate and the reactor power. The percent change in count rate as a function of reactor power is calculated by (1) determining the relationship between the count rate, C, and the high voltage, V, (2) using a Taylor's expansion to obtain the percent change in C as a function of AV, and (3) using Eq. 3 of Ref. 4 to determine AV.
Calculations using this technique indicate that the mathematical form of the space-charge correction is similar to that found in a nonparalyzable model of deadtime. Thus the large deadtimes measured in Ref. 4 were due to space-charge effects.
Typical examples of the calculated space-charge correction for various reactor powers are shown in Fig. 4 . The different lines correspond to different thicknesses of lead filters placed between the detector array and the collimator. In general there appears to be good agreement between the space-charge model and the measured results.
PCA Operating Experience
The new proportional -counter array has been operational for approximately two years. During this time period it has become the principal detector system for the fast-neutron hodoscope. vertical scale is considerably compressed. The bending of the fuel pin and the upward dispersal of fuel are readily apparent.
Typical counting rates of the system have been between 300 and 400 kHz, with a maximum of 600 kHz in one test. No significant problems are expected in reaching the design requirement of 1 MHz.
Both the proportional counters and the associated electronics are very stable. Figure 6 shows the ratio of the count rates of approximately 180 detectors for two identical tests separated by several days. For ease of display the ratios are plotted as a function of vertical position. The data show that the count rates in both tests are the same to within 1%.
Since most of the scatter is due to count statistics, the data in Fig. 6 In conclusion, the new proton-recoil proportional-counter detector array has provided significant improvements in the liniearity, stability, count-rate capability, and setup ease of the hodoscope detection system. These in turn have lead to this system becorning the main detection device in fuel-motion analysis. In addition the fuel-motion detection capabilities of the hodoscope have been imnproved particularly for radiographic irnage-reconstruction and for flux and power monitoring. 
